The use of heterologous bone grafts having specific biological and physical properties can be particularly useful for solving complex cases of long-bone recalcitrant non-unions such as the one described here. Case Report: The present report describes the case of a 38-year-old patient whose radius was fractured in a car accident. A first surgery involved stabilizing the reduced fracture with a plate, but an infection developed, and the bone did not heal. 3 months later, a second surgery followed, involving placing an antibiotic-filled spacer. This did not cure the infection, so the spacer was replaced 3 months later, and a second antibiotic was added. The patient also began taking oral antibiotics. 6 months later, the patient underwent vascularized fibular grafting. However, the graft did not integrate, and a non-union developed. A year later, the non-union was treated by grafting autogenous bone from the iliac crest, equine bone substitute, and equine DBM, in conjunction with autologous BMC and platelet-rich plasma. At the 6-month follow-up, the bone structure appeared to be successfully reconstructed.
Introduction
After the introduction of dynamic compression plates, nonunion of diaphyseal forearm fractures has become relatively uncommon. They develop mainly when technical problems arise (a weak plate, plate misplacement) or an infection develops [1] . A bone defect is usually observed, and treatment calls for grafting autogenous bone or, especially for the radius, a vascularized bone graft [2] . Yet, to overcome the drawbacks related to the use of autogenous bone, the use of bone substitutes may be advisable. In the past few years, an enzymetreated, collagen-preserving, and equine-derived bone graft have been widely used in oral surgery [3, 4, 5, 6] and orthopedic applications [7] . The native collagen conformation may allow the material to maintain mechanical resistance to compression and shaping [7] and, favoring cell adhesion, and facilitate bone regeneration [8] . In addition, bone regeneration may be stimulated by adding demineralized bone matrix (DBM) [9] and bone-marrow aspirate or concentrate (bone marrow aspirate [BMA]/bone marrow concentrate [BMC] ) to the graft [10] . The present report describes a case in which autogenous b o n e a n d e q u i n e bone grafts and DBM, i n a d d i t i o n t o autogenous BMC and platelet-rich plasma ( P R P ) , w e r e successfully used in treating a recalcitrant, post-infective nonu n i o n o f a r a d i u s diaphyseal fracture.
Case Report
The 38-year-old male patient was in a car accident in January 2007 and fractured his right radius. The fracture was exposed (Gustilo Type 2). Before presenting at the Codivilla-Putti Hospital in September 2007, his medical records show that, after initial trauma care, he was subjected to immobilization using a cast and that his fracture was reduced and fixated with a plate and screw system (brand unknown) and bone grafts (unknown) in March 2007. Bone grafting was performed because bone loss occurred following the traumatic fracture. His medical records also indicated that in May 2007 he had suffered from a wound dehiscence that was negative for infection (it is not known whether the patient underwent antibiotic therapy). The next month, the plate and screws were removed, and an external fixation s y s t e m ( b r a n d u n k n o w n ) w a s placed. He presented at the Codivilla Hospital complaining of pain and presenting a non-suppurating fistula at the scar site of the previous o p e r a t i o n s . A r a d i o g r a p h w a s taken and showed a non-union and bone loss (Fig. 1) . In November 2 0 0 7 , t h e p a t i e n t underwent surgery aimed at completely debriding the site. A cement spacer containing gentamicin and clindamycin (Copal G+C, Heraeus, Hanau, Germany), along with vancomycin, was placed into the gap (Fig. 2) . At this point, the surgical site w a s p o s i t i v e f o r Staphylococcus aureus. 3 months later, in February 2008, as a fistula developed again, the spacer was replaced with a new one (same source as the previous surgery). The antibiotic therapy was interrupted 2 weeks before spacer replacement for allowing bacteria strain identification. Before spacer replacement, a white blood cell scintigraphy, laboratory tests for inflammation, including erythrocyte sedimentation rate, Creactive protein, and complete blood count were performed and radiography was taken. Based on the results of antibiograms, imipenem and vancomycin also were added, and oral antibiotics were also prescribed (ciprofloxacin, 750 mg twice a day). 3 months later, in May 2008, the fistula had disappeared, and the patient's leukocyte scintigraphy was negative. After 3 more months, in August 2008, the patient underwent reconstruction using a vascularized fibula graft ( Fig. 3) . At the subsequent control appointments, radiographs showed nonunion of the graft ( (Osteoplant Activagen, Bioteck); autologous BMC obtained during the surgery using a dedicated system (Marrowstim, Biomet, Warsaw, USA); and autologous PRP previously prepared according to standard protocols by the hospital blood transfusion service. Very briefly, the PRP was prepared from a sample of the patient's blood, using differential centrifugation to separate PRP from platelet-poor plasma and red blood cells. This process increased the platelet concentration approximately four-to five-fold compared to the initial blood sample. Before the application, platelets were activated with thrombin and calcium gluconate. The equine bone paste is a mixture of equine cancellous bone granules (1-2 mm), equine DBM granules (1-2 mm), equine collagen, equine bone powder (<0.2 mm), and water-based gel. The equine bone components are made non-antigenic through an enzyme-based processing method that leaves bone collagen unaltered [8] . The concentration of the different components is adjusted to make the paste easily moldable. Equine DBM granules are manufactured by applying the same process as that used for equine bone and then subjecting the granules to complete acid demineralization. On the day of the surgery, the patient underwent general anesthesia, and two operatory fields were prepared, one at the right iliac crest and one at the right radius. After gaining proper access to the iliac crest through a small incision and removing part of the cortical b o n e , a u t o g e n o u s cancellous chips were c o l l e c t e d u s i n g a s u r g i c a l s p o o n . Approximately 60 cc of bone-marrow aspirate was collected from the s a m e i l i a c a c c e s s , i n s e r t i n g a 5 -h o l e b i o p s y n e e d l e i n different directions to optimize the collection of mesenchymal cells. The chips (10 cc), equine DBM (2 cc), equine bone paste (5 cc), BMC (6 cc), and PRP (4 cc) were carefully mixed in a bowel (Fig. 5) . A small amount of calcium gluconate was added to activate the PRP and induce clotting. The mixture was then placed in a pre-cut sterile syringe to shape it, after clotting, as a compact cylinder.
The surgical site at the radius was opened, and the spacer was removed (Fig. 6 ). The two bone extremities were stabilized with a metal fixation plate, and the approximately 7.5-cm-long gap was filled with the mixture, extruded from the pre-cut syringe ( Fig. 7 and 8) .
At 60 days, radiographs (Fig. 9) showed that the graft was still undergoing remodeling. However, at 6 months, radiographs ( Fig. 10) showed that the graft had undergone significant remodeling; its radiolucency had increased significantly.
Discussion
Recalcitrant non-unions of the diaphyseal radius are rare (about 5%) [11] . A l t h o u g h t h e concentration strongly depends on the preparation method and the patient's initial hematologic conditions [12] , PRP typically provides a whole set of pro-osteogenic growth factors, including transforming growth factor-β1, platelet-derived growth factor, and vascular endothelial growth factor. DBM contains a small but still active concentration of other osteogenic growth factors, such as bone morphogenetic proteins 2 and 7 (BMP2 and 7). In the present case, equine DBM also was used. As BMPs are highly conserved proteins, their amino acid sequences vary only slightly among mammal species, with the protein of one species being capable of stimulating the bone tissue of other species [13] . Therefore, even the equine DBM used in the present case may have contributed to increasing the osteogenic potential at the graft site. DBM also increases the concentration of exposed bone collagen at graft sites, which may also positively affect bone regeneration, as collagen modulates many processes underlying bone formation and remodeling. The equine graft paste enabled the creation of a moldable mixture that was easy to handle and position. It also exerted an additional osteoconductive effect resulting from the bone granules it contains. At present, debate still exists about the best choice of bone-graft material for diaphyseal radius non-unions. Some authors prefer using autogenous cortico-cancellous bone for defects up to 6 cm; they resort to vascularized grafts for longer defects [1] . To reduce patient discomfort and the risk of morbidity, one of the aims of regenerative medicine is to create a condition at the graft site that limits or even eliminates the need for autogenous bone. More investigations are needed, under controlled conditions, to study the effectiveness of pro-regenerative combinations like the one used in the present case.
Conclusion
Conventional treatments may not be enough to treat particularly challenging cases of non-unions. In such cases, to promote bone regeneration and healing, it may be useful to graft the defect with a mixture of components that have biological effects and physical properties that make the graft material easy to handle and position.
Clinical Message
Traditional options for the treatment of long bone recalcitrant non-unions might not allow for adequate bone healing in severe cases, which may instead be successfully resolved using a combination of materials with biological and physical properties that foster bone regeneration and healing. 
